Europaisches Patentamt 
European Patent Office 
Office europ€en des brevets 



© Publication number: 



0 323 586 

A2 



© EUROPEAN PATENT APPLICATION 



© Application number: 88120837.5 © Int. CI. 4 -. H04L 5/14 , H03K 5/02 

© Date of filing: 13.12.88 



® Priority: 04.01.88 US 140378 


© Applicant: GTE LABORATORIES 


© Date of publication of application: 


INCORPORATED 


1209 Orange Street 


12.07.89 Bulletin ^89/28 


Wilmington Delaware 19801 (US) 


© Designated Contracting States: 


@ Inventor Cooperman, Michael 


BEDEFRGBIT 


7 Blueberry Circle 




Framingham MA 01701 (US) 




Inventor. Sleber, Richard W. 




19 Oakdaie Street 




Attleboro MA 02073(US) 




© Representative: Patentanwalte Grtinecker, 




Klnkeldey, Stockmalr & Partner 




Maximilianstrasse 58 




D-80OO Munchen 22(DE) 



© Transmission system. 



© A system for transmitting digital signals over a 
transmission line including a driver of an inverter 
employing CMOS FETs (T1 . T2) and a termination 
of an inverter employing .CMOS FETs (T3, T4). A 
sense/control circuit (40) at the termination senses 
changes in the operating condition of the driver 
inverter and in response thereto controls the operat- 
ing condition of the termination inverter. Under 
steady state conditions the termination inverter es- 
tablishes the appropriate voltage at an output cort- 
ex nection (37) coupled thereto without dissipating any 
^ power. 
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TRANSMISSION SYSTEM 



This invention relates to systems for transmit- 
ting digital signals. More particularly, it is con- 
cerned with systems for driving and terminating a 
transmission line. 

Conventional high speed connections on print- 
ed circuit boards, between cabinets, or on commu- 
nication links employ driver circuitry at the trans- 
mitting end and require terminations at the receiv- 
ing end in order to preserve the quality of the 
digital signal being transmitted. Conventional ter- 
mination schemes dissipate power, and in low pow- 
er CMOS circuits the terminations are the major 
cause of power dissipation. 

Figs. 1A and 1B illustrate, in equivalent circuit 
diagrams, two different schemes in the prior art 
which are conventional for terminating transmission 
lines driven by driver circuitry at the transmitting 
end. In the circuit of Fig. 1 A when, in effect switch 
SA1 is closed and switch SA2 open, the voltage on 
the transmission line 10 becomes +5 volts. With 
the received voltage V 0U t +5 volts, power is dis- 
sipated in the termination resistance RAI. When 
switch SAI is open and switch SA2 closed, the 
voltage on the transmission line 10 becomes 0 
volts. With the output voltage of the transmission 
line 10 Vout 0 volts, no power is dissipated at the 
termination. 

Fig. 1B illustrates an alternative conventional 
prior art scheme in equivalent circuit form. When, 
in effect switch SB1 is closed and switch SB2 is 
open, the voltage V 0UT at the receive end of the 
transmission line 11 is +5 volts and no power is 
dissipated at the termination. When switch SB1 is 
open and switch SB2 is closed to produce a volt- 
age V cl t of 0 volts at the receive end of the 
transmission line 11, power is dissipated in the 
termination resistance RB1. 

A transmission system for transmitting and re- 
ceiving digital signals on a transmission line from a 
transmit connection to a termination connection 
thereof in accordance with the present invention 
comprises an input terminal for receiving digital 
signals of a first voltage level or of a second 
voltage level. A transmit driver means is connected 
between a transmit source of operating potential 
and a transmit point of reference potential, and is 
coupled to the input terminal and to the transmit 
connection of the transmission line. The transmit 
driver means is operable to change the potential at 
the transmit connection from the potential of the 
transmit point of reference potential to the potential 
of the transmit source of operating potential when 
the digital signal at the input terminal changes from 
the first voitage level to the second voltage level, 



and is operable to change the potential at the 
transmit connection from the potential of the trans- 
mit source of operating potential to the potential of 
the transmit point of reference potential when the 

5 digital signal at the input terminal changes from the 
second voltage level to the first voitage level. 

An output terminal Is connected to the termina- 
tion connection of the transmission line. A termina- 
tion driver means is connected between a termina- 

w tion source of operating potential and a termination 
point of reference potential, and is coupled to the 
termination connection of the transmission line and 
to the output terminal. The termination driver 
means has an input connection and is operable to 

is change the potential at the termination connection 
and at the output terminal from the potential of the 
termination point of reference potential to the po- 
. tential of the termination source of operating poten- 
tial when the signal at the input connection thereto 

20 changes from a first input condition to a second 
input condition, and is operable to change the 
potential at the termination connection and at the 
output terminal from the potential of the termination 
source of operating potential to the potential of the 

25 termination point of reference potential when the 
signal at the input connection thereto changes from 
the second input condition to the first input con- 
dition. 

A control means is coupled to the termination 

30 connection and to the input connection to the ter^ 
mination driver means. The control means is op- 
erable in response to the potential at the transmit 
connection changing from the potential of the trans- 
mit point of reference potential to the potential of 

35 the transmit source of operating potential to change 
the input condition at the input connection to the 
termination driver means from the first input con- 
dition to the second input condition whereby the 
termination driver means produces a potential at 

40 the output terminal equal to the potential of the 
termination source of operating potential. The con- 
trol means is aiso operable in response to the 
potential at the transmit connection changing from 
the potential of the transmit source of operating 

4s potential to the potential of the transmit point of 
reference potential to change the input condition at 
the input connection to the termination driver 
means from the second input condition to the first 
input condition whereby the termination driver 

so means produces a potential at the output terminal 
equal to the potential of the termination point of 
reference potential. 
In the drawings: 
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Figs. 1A and 1B are equivalent circuit dia- 
grams of two prior art schemes of driving and 
terminating a transmission line as discussed 
hereinabove; 

Fig. 2 is an equivalent circuit diagram useful 
in explaining the present invention; 

Rg. 3 is a circuit diagram of a transmission 
system in accordance with the present invention; 
and 

Rg. 4 is a circuit diagram illustrating a trans- 
mission system in accordance with the present 
Invention for achieving bidirectional transmission. 

For a better understanding of the present in- 
vention, together with other and further objects, 
advantages, and ciapabilities thereof, reference is 
made to the following disclosure and appended 
claims in connection with the above-described 
drawings. 

Rg. 2 is an equivalent circuit diagram for illus- 
trating objectives of the present invention. A +5 
voltage V IN is established at the input or transmit 
end of a transmission line 20 when, In effect, 
switch S1 is closed and switch S2 open. Alter- 
natively when switch S1 is open and switch S2 
closed, the voltage is 0 voltage. At the receiv- 
ing or termination end a series arrangement of a 
+ 5 volts source, a switch S3, and a resistance 
RS3 are connected to the termination or output 
connection of the transmission line. A resistance 
RS4 and a switch S4 are connected in series 
between the termination connection and ground. 

If when switch S1 is closed and switch S2 is 
open, switch S3 Is also closed and switch S4 is 
also open, voltages V IN and V 0l/r of + 5 volts are 
produced independently at the transmit and ter- 
mination ends, respectively, of the transmission 
line 20. No current flows in the termination circuitry 
nor in the transmission line 20 and, therefore, no 
power is dissipated. Alternatively, when switch S1 
is open and switch S2 is closed at the same time 
that switch S3 is open and switch S4 is closed, 
voltages V IN and V OUT are both 0 volts. Under these 
conditions no current flows in the termination cir- 
cuitry nor through the transmission line 20, and 
thus no power is dissipated. Thus, the system of 
Rg. 2 distinguishes over the prior art circuits of 
Rgs. 1A and 1B in which power is dissipated 
during the transmission of a + 5 volt level signal 
and a 0 volt level signal, respectively. 

Rg. 3 illustrates a. transmission system in ac- 
cordance with the present invention for achieving 
the objectives discussed hereinabove with respect 
to the equivalent circuit diagram of Rg. 3. The 
system for transmitting and receiving digital signals 
on a transmission line 30 includes a driver section 
connected to a transmit connection 31 at one end 
of the transmission line 30 and a termination con- 



nection. 32 at the opposite end of the transmission 
line 30 connected to a termination section and to 
an output terminal 37. In the specific example of 
Rg. 3, the driver section includes a transmit in- 

5 verter of a complementary pair of CMOS field 
effect transistors (FETS) T1 and T2. A p-type 
transistor T1 and a resistance R1 are connected in 
series between a + 5 voltage source and the trans- 
mit connection 31. An n-type transistor T2 and a 

;o resistance R2 are connected in series between the 
transmit connection 31 and ground. The gates of 
transistors T1 and T2 are connected together and 
to an input terminal 35. As shown, the transistors 
Tl and T2 are each connected to individual resis- 

ts tive components R1 and R2. Alternatively, the tran- 
sistors may be so constructed as to have the 
requisite resistive value as will be discussed 
hereinafter. 

The termination section of the system con- 

20 nected to the termination connection 32 of the 
transmission line 30 includes a termination inverter 
circuit of a p-type MOS field effect transistor T3 
and a resistance R3 connected in series between a 
+ 5 voltage source and the termination connection 

25 32. A resistance R4 and an n-type MOS field effect 
transistor T4 are connected in series between the 
termination connection 32 and ground. The gates 
of transistors T3 and T4 are connected together to 
provide an input connection to the termination tn- 

30 verter circuit. 

The termination section also Includes a 
sense/control circuit 40. The sense/control circuit 
40 includes a first operational . amplifier 41 having 
its + input connected to the termination connection 

35 32 and its - input connected to a voltage source of 
+ 2.4 volts. The first operational amplifier 41 op- 
erates as is well known to produce a 1 value binary 
signal at its output when the input at its + input is 
greater than + 2.4 volts, and to produce a 0 value 

40 binary signal when the input at the + input is less 
then + 2.4 volts. A second operational amplifier 42 
has its - input connected to the termination connec-. 
tion 32 and its + input connected to a voltage 
source of +2.6 volts. Thus, the second operational 

45 amplifier 42 produces 1 value binary signal at its 
output when the voltage at the termination connec- 
tion 32 is less than + 2.6 volts, and produces a 0 
value binary signal when the voltage at the termina- 
tion connection 32 is more than + 2.6 volts. 

.so The outputs of the operational amplifiers 41 

and 42 are connected as inputs to an AND gate 45. 
A clock 46 is also connected as an input to the 
AND gate 45. The clock 46 produces square-wave 
clock pulses at a frequency rate which is greater 

55 than the input data rate, for example, about sixteen 
times the input bit rate. The output of the AND gate 
45 is connected to the clock input. C of a D-type 
flip-flop 47 connected in a latching arrangement as 
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shown. The Q output of the flip-flop 47 is con- 
nected directly to the gates of the inverter transis- 
tors T3 and T4. 

In the specific example under discussion, the 
a.c. impedance of the transmission line 30 is 100 
ohms. Therefore, resistances R1, R2, R3, and R4 
each have a value of 100 ohms. In the following 
discussion the transistors T1 , T2, T3 f and T4 func- 
tion, as switches. When a transistor is conducting 
or "on", it is in a low impedance or "closed" 
condition. When a transistor is substantially not 
conducting or "off", it is in a high impedance or 
"open" condition. 

The system as illustrated in Fig. 3 operates in 
the following manner. When the digital input signal 
at the input terminal 35 becomes low, transistor T1 
is turned on and transistor T2 is turned off. It is 
assumed that at the termination section transistor 
T3 is off and transistor T4 is on, which would be 
the case if the previous input signal were high. The 
voltage V| N at the transmit connection 31 becomes 
+ 2.5 volts because of the voltage division of resis- 
tance R1 and the a.c. impedance of the transmis- 
sion line which are of approximately the same 
value. This voltage is propagated by the transmis- 
sion line 30 to the terminal connection 32 whereby 
Vout becomes +2.5 volts. This voltage level, is 
within the range midway between +5 volts and 
ground established by the biasing voltages of + 2.4 
volts and +2.6 volts to the first and second oper- 
ational amplifiers 41 and 42 respectively. This volt- 
age level causes both operational amplifiers 41 and 
42 to be activated to produce binary 1 value sig- 
nals at their outputs. The AND gate 45 which is 
continuously being clocked at a rate of approxi- 
mately sixteen times the input signal rate by the 
clock 46. produces a pulse to the C input of the 
latching D-type flip-flop 47. The flip-flop 47 is 
latched in a state causing the Q output to be low. 
Transistor T3 is thus turned on and transistor T4 is 
turned off. The voltage V OUT at the termination 
connection 32 and at the output terminal 37 be- 
comes + 5 volts shutting off the temporary current 
flow through the resistance R3. The voltage of 
greater than +2.6 volts applied to the second 
operational amplifier 42 causes its output to be- 
come a binary 0. Consequently the output of the 
AND gate 45 remains* low, and the flip-flop 47 is 
latched with the Q output low. The output voltage 
V CUT at the output terminal 37 is high ( + 5 volts), 
inverted from the voltage at the input terminal 35. 
Under these steady state conditions there is no 
current flow in the transmission line 30 nor in 
transistors T1 . T2, T3, and T4, nor in resistances 
R1.-R2. R3« and R4, and consequently no power 
dissipation in either the driver or termination sec- 
tion. 

When the voltage level at the input terminal 35 



goes high, the operation of the switching transistors 
Tl, T2, T3. and T4 are reversed. Transistor T1 is 
turned off and transistor T2 is turned on. The 
voltage V, N at the transmit connection 31 is re- 

s duced to 2.5 volts and the reduced voltage propa- 
gates along the transmission line 30 to the termina- 
tion connection 32 which momentarily becomes 
+ 2.5 volts. When the voltage at the inputs to the 
operational amplifiers 41 and 42 is +2.5 volts, both 

/o of the operational amplifiers produce binary 1 sig- 
nals to the AND gate 45. The clock 46 triggers the 
AND gate 45 to produce a positive-going pulse to 
the C input of the latching D-type flip-flop 47 caus- 
ing it to change state with the Q output becoming 

75 high. This input to the termination inverter circuit 
turns transistor T3 off and transistor T4 on, thus 
producing a voltage V 0U t of 0 volts at the termina- 
tion connection 32 and at the output terminal 37. 
Under steady state conditions no current flows 

20 through any of transistors T1, T2. T3. or T4 or 
through any of resistances R1 , R2, R3, or R4 and 
the power dissipation is zero. 

Fig. 4 is a diagram illustrating a bidirectional 
system of transmitting digital signals along a single 

25 transmission line 50 in accordance with the present 
invention. The system is enabled to transmit digital 
information from a first section 51 to a second 
section 52 during an ENABLE signal, and to trans- 
mit digital information from the second section 52 

30 to the first section 51 during an ENABLE signal. 
During the ENABLE signal, a digital signal applied 
to the input terminal 53 of the first section 51 
passes through an AND gate 54 and an OR gate 
55 to the gates of a complementary pair of transis- 

35 tors T5 and T6 connected with resistances R5 and 
R6 in an inverter arrangement The juncture of 
resistances R5 and R6 is connected to one end of 
the transmission line 50. 

The second section 52 also includes a com- 

40 plementary pair of transistors T7 and T8 together 
with resistances R7 and R8 connected in an in- 
verter arrangement Tne juncture of the resistances 
R7 and R8 is connected to the other end of the 
transmission line 50. During an ENABLE signal an 

45 AND gate 58 and an OR gate 59 provide a feed- 
back path from the transmission line 50 by way of 
a sense/control circuit 40B, which is the same as 
the sense/control circuit 40 of Fig. 3, to the gates 
of the transistors T7 and T8. As illustrated in Rg. 4 

so the transmission line 50 is also connected to a 
receiver 60. the output of which is enabled by an 
ENABLE signal applied to an AND gate 61 . Thus, 
during an ENABLE signal the first section 51 can 
transmit digital signals present at input terminal 53 

55 along the transmission line 50 to the receiver 60 in 
the second section 52. The system operates as 
explained hereinabove with respect to the system 
of Rg. 3 to prevent power dissipation in the ter- 
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mination circuitry of the second section 52 when 
the voltage level of the input signal changes. 

During an ENABLE signal the AND gate 54 
prevents any signal at the input terminal 53 from 
reaching the inverter of T5 and T6 of the first 
section 5t. and permits digital input signals at the 
input terminal 70 of the second section 52 to pass 
through AND gate 71 and OR gate 59 to the 
inverter of transistors T7 and T8 for transmission 
over the transmission, line 50. The ENABLE signal 
applied to the AND gate 72 of the first section 51 
completes the feedback path thro ugh the 
sense/control circuit 40A. The ENABLE signal also 
permits signals received by the receiver 73 to pass 
through AND gate 74. During the ENABLE signal 
the AND gate 58 prevents the sense/control circuit 
40B from being connected to the inverter T7 and 
T8 and the AND gate 61 prevents output from the 
receiver 6 0. Thus, the presence of the ENABLE or 
ENABLE signal controls the direction of transmis- 
sion of information in the transmission line 50, and 
a bidirectional transmission path is provided with 
no power dissipation during steady state conditions 
after changes in the signal input voltage level. 

The system as described may also be used in 
other transmission schemes. For example, two sys- 
tems as shown in Fig. 3 may be employed in a 
noise immune differential transmission scheme. 
With this scheme when the input level to one 
system is high, the input level to the other is low. 
At the receiving end it is only necessary to deter- 
mine the relative polarity of the signals received 
over the two transmission lines. The principles of 
such a scheme are described in U.S. Patent No. 
4,638,473 to Michael Cooperman and Richard W. 
Sieber. 

Thus, while there has been shown and de- 
scribed what is considered a preferred embodiment 
of the present invention, it will be obvious to those 
skilled in the art that various changes and modifica- 
tions may be made therein without departing from 
the invention as defined by the appended claims. 

Claims 

1. A transmission system for transmitting and 
receiving digital signals on a transmission line from 
a transmit connection to a termination connection 
. thereof comprising 
an input terminal for receiving digital signals of a 
first voltage level or of a second voltage level; 
transmit driver means connected between a trans- 
mit source of operating potential and a transmit 
point of reference potential, said transmit driver 
means being coupled to said input terminal and to 
the transmit connection of the transmission line; 
said transmit driver means being operable to 



change the potential at said transmit connection 
from the potential of the transmit point of reference 
potential to the potential of the transmit source of 
operating potential when the digital signal at the 

s input terminal changes from the first voltage level 
to the second voltage level, and said transmit driv- 
er means being operable to change the potential at 
said transmit connection from the potential of the 
transmit source of operating potential to the poten- 

70 tiai of the transmit point of reference potential when 
the digital signal at the input terminal changes from 
the second voltage level to the first voltage level; 
an output terminal connected to the termination 
connection of the transmission line: 

is termination driver means connected between a ter- 
mination source of operating potential and a ter- 
mination point of reference potential, said termina- 
tion driver means being coupled to said termination 
connection and to said output terminal; 

20 said termination driver means having. an input con- 
nection and being operable to change the potential 
at said termination connection and at said output 
terminal from the potential of the termination point 
of reference potential to the potential of the ter- 

25 mination source of operating potential when the 
signal at said input connection thereto changes 
from a first input condition to a second input con- 
dition, and said termination driver means being 
operable to change the potential at said termination 

30 connection and at said output terminal from the 
potential of the termination source of operating 
potential to the potential of the termination point of 
reference potential when the signal at said input 
connection thereto changes from said second input 

35 condition to said first input condition; 

control means coupled to said termination connec- 
tion and to the input connection to the termination 
driver means; 

said control means being operable in response to 

40 the potential at the transmit connection changing 
from the potential of the transmit point of reference 
potential to the potential of the transmit source of 
operating potential to change the input condition at 
the input connection to the termination driver 

45 means from the first input condition to the second 
input condition whereby said termination driver 
means produces a potential at the output terminal 
equal to the potential of the termination source of 
operating potential; and 

so said control means being operable in response to 
• the potential at the transmit connection changing 
from the potential of the transmit source of operat- 
ing potential to the potential of the transmit point of 
reference potential to change the input condition at 

55 the input connection to the termination driver 
means from the second input condition to the first 
input condition whereby said termination driver 
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means produces a potential at the output terminal 
equal to the potential of the termination point of 
reference potential. 

2. A transmission system in accordance with 
claim 1 wherein 

sad control means is operable to change the volt- 
age at the input to said termination driver means 
from the first input condition to the second input 
condition and from the second input condition to 
the first input condition in response to the potential 
at the termination connection of the transmission 
line being within a predetermined range. 

3. A transmission system in accordance with 
claim 2 wherein 

said transmit driver means includes a first transmit 
switching means and a first transmit resistance 
connected in series between said transmit source 
of operating potential and said transmit connection, 
and said transmit driver means includes a second 
transmit switching means and a second transmit 
resistance connected in series between said trans- 
mit connection and said transmit point of reference 
potential; 

said first transmit switching means being switched 
to a closed condition and said second transmit 
switching means being switched to an open con- 
dition in response to said second voltage level at 
said input terminal, and said first transmit switching 
means being switched to an open condition and 
said second transmit switching means being 
switched to a ciosed condition in response to said 
first voltage level at said input terminal; and 
said termination driver means includes a first ter- 
mination switching means and a first termination 
resistance connected in series between said ter- 
mination source of operating potential and said 
termination connection, and said termination driver 
means includes a second termination switching 
means and a second resistance connected In se- 
ries between said termination connection and said 
termination point of reference potential; 
said first termination switching means being 
switched to a closed condition and said second 
termination switching means being switched to an 
open condition in response to said second input 
condition at said input connection, and said first 
termination switching means being switched to an 
open condition and said second termination switch- 
ing means being switched to a ciosed condition in 
response to said first input condition at said input 
connection. 

4. A transmission- system in accordance with 
claim 3 wherein 

said first transmit switching means includes a first 
transmit transistor and said second transmit switch- 
ing means includes a second transmit transistor 
complementary to said first transmit transistor and 
said first termination switching means includes a 



first termination transistor and said second termina- 
tion switching means includes a second termination 
transistor complementary to said first termination 
transistor. 

5 5. A transmission system in accordance with 

claim 4 wherein said control means includes 
first operational amplifier means having an input 
connected to said termination connection, said first 
operational amplifier means being operable to pro- 

io duce a binary signal of one value when the input 
thereto is above a first potential level and being 
operable to produce a binary signal of the opposite 
value when the input thereto is below said first 
potential level; 

is second operational amplifier means having an input 
connected to said termination connection, said sec- 
ond operational amplifier means being operable to 
produe a binary signal of said one value when the 
input thereto is below a second potential level and 

20 being operable to produce a binary signal of said 
opposite value when the input thereto is above said 
second potential level; 

said first and second potential levels defining said 
predetermined range; and 

25 latch means coupled to said first and second oper- 
ational amplifier means and to said input connec- 
tions of said termination driver means, said latch 
means being operable to change the voltage level 
at said input connection from the first Input con- 

30 dition to the second input condition and from the 
second input condition to the first input condition in 
response to coincident binary signals of said one 
value from both said first and second operational 
amplifier means. 

35 6. A transmission system in accordance with 

claim 5 wherein 

each of said resistances is of approximately the 
same resistive value; and 

the a.c. impedance of the transmission One be- 
40 tween the transmit connection and the termination 
connection is approximately the same as the im- 
pedance of each of said resistances. 

7. A transmission system in accordance with 
claim 6 wherein 

45 said transistors are MOS field effect transistors. 

8. A transmission system in accordance with 
claim 7 wherein 

the potential of the transmit source of operating 
potential and the potential of the termination source 
so of operating potential are approximately the same; 
and 

the potential of the transmit point of reference 
potential and the potential of the termination point 
of reference potential are approximately the same. 
55 9. A bidirectional transmission system for 

transmitting and receiving digital signals in both 
directions over a transmission line between a first 
connection and a second connection thereof com- 
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prising 

a first input terminal for receiving digital signals of 
a first voltage level or of a second voltage level; 
first driver means connected between a first source 
of operating potential and a first point of reference 
potential, said first driver means having an input 
coupled to said first input terminal and an output 
coupled to said first connection of the transmission 
line; 

said first driver means being operable to change 
the potential at said first connection of the trans- 
mission line from the potential of the first point of 
reference, potential to the potential of the first 
source of operating potential when the digital signal 
at the first input terminal changes from the first 
voltage level to the second voltage level, and said 
first driver means being operable to change the 
potential at said first connection of the transmission 
line from the potential of the first source of operat- 
ing potential to the potential of the first point of 
reference potential when the digital signal at the 
first input terminal changes from the second volt- 
age level to the first voltage level; 
a first output terminal connected to said first con- 
nection of the transmission line; 
a second Input terminal for receiving digital signals 
of the first voltage level or of the second voltage 
level; 

second driver means connected between a second 
source of operating potential and a second point of 
reference potential, said second driver means hav- 
ing an input coupled to said second input terminal 
and an output coupied to said second connection 
of the transmission line; 

said second driver means being operable to 
change the potential at said second connection of 
the transmission line from the potential of the sec- 
ond point of reference potential to the potential of 
the second source of operating potential when the 
digital signal at the second input terminal changes 
from the first voltage level to the second voltage 
level, arid said second driver means being op- 
erable to change the potential at said Second con- 
nection of the transmission line from the potential 
of the second source of operating potential to the 
potential of the second point of reference potential 
when the digital signal at the seccnd input terminal 
changes from the second voltage level to the first 
voltage level; 

a second output terminal connected to said second 
connection of the transmission line; 
first control means coupled to said first connection 
of the transmission line and to the input of the first 
driver means; 

said first control means being operable in response 
to the potential at the second connection of the 
transmission line changing from the potential of the 
second point of reference potential to the potential 



of the second source of operating potential to 
change the voltage at the input of the first driver 
means from the first voltage level to the second 
voltage level whereby said first driver means pro- 
s duces a potential at the first output terminal equal 
to the potential of the first source of operating 
potential; and 

said first control means being operable in response 
to the potential at the second connection of the 

70 transmission line changing from the potential of the 
second source of operating potential to the poten- 
tial of the second point of reference potential to 
change the voltage at the input of of the first driver 
means from the second voltage level to the first 

75 voltage level whereby said first driver means pro- 
duces a potential at the first output terminal equal 
to the potential of the first point of reference poten- 
tial; 

second control means coupled to said second con- 
20 nection of the transmission line and to the input of 
the second driver means; 

said second means being operable in response to 
the potential at the first connection of the transmis- 
sion line changing from the potential of the first 

2$ point of reference potential to the potential of the 
first source of operating potential to change the 
voltage at the input of the second driver means 
from the first voltage level to the second voltage 
level whereby said second driver means produces 

30 a potential at the. second output terminal equal to 
the potential of the second source of operating 
potential; and 

said second control means being operable in re- 
sponse to the potential at the first connection of the 

35 transmission line changing from the potential of the 
first source of operating potential to the potential of 
the first point of reference potential to change the 
voltage at the input of the second driver means 
from the second voltage level to the first voltage 

40 level whereby said second driver means produces 
a potential at the second output terminal equal to 
the potential of the second point of reference po- 
tential; 

first enabling means coupled between said first 
45 input terminal and the input of the first driver 
means and between said first control means and 
the input of the first driver means; 
second enabling means coupled between said sec- 
ond input terminal and the input of the second 
so driver means and between said second control 
means and the input of the second driver means; 
said first enabling means being operable during a 
first enabling condition to connect said first input 
terminal to the input of the first driver means and to 
55 disconnect said first control means from the input 
of the first driver means; 

said second enabling means being operable during 
said first enabling condition to disconnect said sec- 
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ond input terminal from the input of the second 
driver means and to connect said second control 
means to to the input of the second driver means; 
said first enabling means being operable during a 
second enabling condition to disconnect said first 
input terminal from the input of the first driver 
means and to connect said first control means to 
the input of the first driver means: 
and 

said second enabling means being operable during 
said second enabling condition to connect said 
second input terminal to the input of the second 
driver means and to disconnect said second con- 
trol means from the input of the second driver 
means 

whereby during said first enabling condition digital 
signals are transmitted from said first input terminal 
to said second output terminal over the transmis- 
sion line; and whereby during said second enabling 
condition digital signals are transmitted from said 
second input terminal to said first output terminal 
over the transmission line. 

10. A bidirectional transmission system in ac- 
cordance with claim 9 wherein 

said first control means is operable to change the 
voltage at the input to said first driver means from 
the first voltage level to the second voltage level 
and from the second voltage level to the first 
voltage level in response to the potential at the first 
connection of the transmission line being within a 
predetermined range; and 

said second control means is operable to change 
the vcltage at the input to said second driver 
means from the first voltage level to the second 
voltage level and from the second voltage level to 
the first voltage level in response to the potential at 
the second connection of the transmission iine be- 
ing within said predetermined range. 

11. A bidirectional transmission system in ac- 
cordance with claim 10 wherein 

said first driver means includes a first switching 
means and a first resistance connected in series 
between said first source of operating potential and 
said first connection of the transmission line and 
said first driver means includes a second switching 
means and a second resistance connected in se- 
ries .between said first connection of the transmis- 
sion line and said first point of reference potential; 
said first switching means of said first driver means 
being switched to a closed condition and said 
second switching means of said first driver means 
being switched to an open condition in response to 
said second voltage level at the input of said first 
driver means, and said first switching means of 
said first driver means being switched to an open 
condition and said second switching means of said 
first driver means being switched to a closed con- 
dition in response to said first voitage level at the 



input of said first driver means; and 
said second driver means includes a first switching 
means and a first resistance connected in series 
between said second source of operating potential 

s and said second connection of the transmission 
line, and said first driver means includes a second 
switching means and a second resistance con- 
nected in series between said second connection 
of the transmission line and said second point of 

io reference potential; 

said first switching means of said second driver 
means being switched to a closed condition and 
said second switching means of said second driver 
means being switched to an open condition in 

is response to said second voltage level at the input 
of said second driver means, and said first switch- 
ing means of said second driver means being 
switched to an open condition and said second 
switching means of said second being switched to 

20 a closed condition in response to said first voltage 
level at the input of said second driver means. 
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